ABSTRACT: Sounds from toadfish Opsanus sp., and 4 other suspected fish sounds were identified in passive acoustic recordings from fixed recorders and autonomous underwater vehicles in the eastern Gulf of Mexico between 2008 and 2011. Data were collected in depths ranging from 4 to 984 m covering approximately 39 000 km 2 . The goals of this research were to map the spatial and temporal occurrence of these sounds. Sound production was correlated to environmental parameters (water depth, lunar cycle, and dawn and dusk) to understand the variability in seasonal calling. Toadfish 'boatwhistles' were recorded throughout the diel period, with peaks observed between 15:00 and 04:00 h. Annual peaks coincided with the spawning period in the late spring to early summer. The 4 unknown sounds were termed: '100 Hz Pulsing', '6 kHz Sound', '300 Hz FM Harmonic', and '365 Hz Harmonic'. The 100 Hz Pulsing had the temporal characteristics of a cusk-eel call with frequencies below 500 Hz. Sound production was observed mainly at night with annual peaks in the spring and fall. The 6 kHz Sound was observed exclusively at night between 15 and 50 m bottom depths; occurrence decreased significantly in the winter. The 6 kHz Sound peak frequencies correlated positively to satellite-derived sea surface temperature (SST) and nega tively to chlorophyll concentration. The 300 Hz FM Harmonic was observed largely (89%) at night and appeared offshore (40−200 m depth). The 365 Hz Harmonic was observed 98% of the time at night, inshore (< 40 m depth). The fundamental frequency of the 365 Hz Harmonic was positively correlated with SST, reflecting a temperature-driven increase in sonic muscle contraction rate; conversely, call duration was negatively correlated. The ubiquity of these 4 unknown sounds illustrates how little is known about biological communication in the marine environment.
INTRODUCTION
Soniferous fishes use sound for communication associated with parental, courtship, spawning, aggressive and territorial behavior (Lobel et al. 2010) . Most fish calls are species-specific and repetitive, enabling sound production to be used by researchers for identifying species distribution and behavior. Recent developments in passive acoustic technologies have facilitated marine bioacoustics studies to effectively monitor soniferous fishes over a wide range of habitat, depths and time periods (Mann & Lobel 1995 , Lobel 2002 , Luczkovich et al. 2008 , Van Parijs et al. 2009 , Lobel et al. 2010 , Locascio & Mann 2011 . Passive acoustic monitoring (PAM) of fishes has been successfully demonstrated using moored devices (e.g. Locascio & Mann 2008 , Nelson et al. 2011 ) and autonomous vehicles (Wall et al. 2012) . Because acoustic data can be collected at any depth and for long periods of time, using PAM to map and monitor marine species can efficiently provide yearround information on fish distribution, with minimal effects from the typical survey problems associated with weather and data collection at night.
We examined the large-scale, long-term sound production of one known fish (toadfish Opsanus sp.) and 4 unknown suspected fish sounds that were commonly recorded in acoustic data collected by hydrophone-integrated Slocum gliders (Teledyne Webb Research) . This paper expands on a pilot study of glider-collected acoustic data, which demonstrated the utility of this technology as a platform for passive acoustic monitoring (Wall et al. 2012 ). In the pilot study, the glider was deployed off Tampa Bay for one week, during which time sounds from numerous identifiable fishes (including red grouper Epinephelus morio, and toadfish Opsanus sp.) were recorded. In addition, at least 3 unknown biological sounds suspected to be produced by fishes were also recorded. Since the initial study, multiple glider deployments and several deployments of stationary acoustic recorders have been conducted for the purpose of mapping the spatial and temporal patterns of red grouper and marine mammals.
As described in Wall et al. (2012) , toadfish sounds recorded off Florida are suspected to be produced by 2 species: Opsanus beta in nearshore (>10 m depth) habitats and O. pardus in offshore (<10 m depth) habitats. The sounds produced by these 2 species are similar in that they are typical to toadfish 'boatwhistles', but they do have distinct features (Wall et al. 2012) . Three of the unknown sounds presented here have been previously described. They consist of: (1) a 200−500 Hz wide band around 6 kHz ('6 kHz Sound') that appears continuously between sunset and sunrise; (2) a frequency modulated harmonic with an average peak frequency of 300 Hz ('300 Hz FM Harmonic') approximately 2.25 s in length and typically containing 4 abrupt changes in frequency, and (3) a tonal harmonic with a peak frequency of 365 Hz ('365 Hz Harmonic') and 0.51 s in length (Wall et al. 2012) . All 3 sounds were observed only at night. The fourth unknown sound, termed '100 Hz Pulsing', was not documented in Wall et al. (2012) . Examples of these 4 sounds can be found at www.int-res.com/ articles/suppl/m484p173_supp/.
Sounds produced by fishes are low frequency (< 3 kHz), repetitive, and species-specific (Luczkovich et al. 2008 . Typical calls used for communication occur as short (~< 5 s), tonal sounds with multiple harmonics or as broadband pulses (Fish & Mowbray 1970) . The repetitiveness of the calls allow them to be easily recorded over time and can occur exclusively at night, peak at dawn and dusk, or occur throughout the diel period depending on the behavioral characteristics of the fish , Lobel et al. 2010 . Each of these characteristics is markedly different from sounds produced by marine mammals, which are infrequent, range up to 200 kHz, and can be long in duration (>10 s) (Mellinger et al. 2007 , Au & Hastings 2008 . The correspondence of the characteristics of the 4 unknown sounds presented here to typical fish sounds leads us to hypothesize that the unknown sounds are produced by fishes.
The goals of this research were to identify habitat ranges for the 5 sounds by mapping sound production, and to determine the daily and seasonal patterns in calling. Sound occurrence was compared to environmental data to understand the variability in seasonal calling, and to help discern the sources of the 4 unknown fish sounds.
MATERIALS AND METHODS

Data collection
Acoustic data. Acoustic data were collected across the West Florida Shelf (WFS) off west-central Florida in the eastern Gulf of Mexico. All acoustic data were recorded using the digital acoustic recording system, Digital Spectrogram Recorder (DSG; Loggerhead Instruments; disclosure: D. Mann is President of Loggerhead Instruments). The DSG is a low-power acoustic recorder controlled by script files stored on a secure digital (SD) memory card (16 or 32 GB) and an on-board real-time clock. The DSG clock is highly accurate with temperature compensated drift. The DSG file system is a data file structure that stores embedded time stamps with the raw data, allowing each file to remain in synchrony with other glider or mooring data. Hydrophone (HTI-96-MIN, sensitivity −186 dBV [June and July 2008] or −170 dBV [June 2009 and Glider], ± 3 dB from 2 Hz−37 kHz, High Tech) signals were digitized with 16-bit resolution by the DSG recorders.
Stationary acoustic DSGs were deployed in June 2008 for 1 mo, in July 2008 for 2 to 5 mo, and in June 2009 for approximately 1 yr (n = 5, 18, and 63 recorders, respectively). Additional recorders were deployed in the Steamboat Lumps Marine Reserve ('Steamboat Lumps'; n = 7, 71-73 m depth) and at nearshore sites to specifically target red grouper ('RG'; n = 6, 15-40 m depth) between April 2009 and May 2010. DSGs recorded sound for 6 to 10 s every hour at a rate of 36.4 kHz or 50 kHz. Sample rate and frequency varied slightly among sites in an attempt to optimize the recording longevity and storage capacity of the SD card. In addition, a hydro phone was integrated into the aft cowling of 4 Slocum electric underwater gliders to record sound while concurrently collecting a suite of environmental (water temperature, salinity, dissolved oxygen, glider depth, and bottom depth) and optical (chlorophyll, backscatter, and irradiance) parameters. Gli der DSGs recorded sound for 25 s every 5 min at a sample rate of 70 kHz. Fifteen glider missions 1 to 4 wk in duration were conducted on the WFS be tween April 2009 and April 2011. Mission paths, covering a range of depths up to 984 m, were opportunistic, exploratory, and in part dictated by collaborating scientists. Gliders were run and maintained at the University of South Florida, Center for Ocean Technology.
Environmental data. Satellite-derived sea surface temperature (SST) and chlorophyll a concentration (chl a) data were collected for periods and areas in which acoustic data were recorded. SST was derived from infrared data collected by NASA's Moderate Resolution Imaging Spectroradiometer (MODIS) onboard satellites Aqua and Terra. Chl a levels were calculated from visible data collected by ORBIM-AGE's Sea-viewing Wide Field-of-View Sensor (SeaWiFS) using standard SeaDas processing. Time series data were calculated for each stationary site. These parameters were chosen because temperature can influence sonic characteristics; and the timing of some behaviors of fishes, such as spawning, and visibility, food availability, and abundance are influenced by the level of primary productivity (i.e. chl a). All satellite data processing was performed using IDL programs (Re search Systems). Sunrise and sunset, and lunar cycle data were obtained from the United States Naval Observatory (USNO) database for June 2008 to April 2011 (Phases of the Moon: available at aa.usno.navy.mil/ data/ docs/Moon Phase. php, accessed January 2012; Sun or Moon Rise/Set Table: available at aa.usno.navy. mil/data/docs/ RS_ OneYear.php, accessed January 2012). Sunrise and sunset times were compared to the hourly peaks in calling for all 5 sounds. Daily counts of files containing each sound were extracted. A Fast Fourier Transform (FFT) was applied to the time series of daily counts to determine whether there were cyclical peaks in calling. These peaks were then compared to the cyclical pattern of moon phases (occurring at 7, 15, and 29 d) to determine if calling was influenced by lunar phase. Analyses were completed in MAT-LAB (Mathworks).
Data analysis
Acoustic files collected at the stationary sites were analyzed manually as spectrograms to visually identify fish sounds. Spectrograms were created in MAT-LAB using 2048 point Hanning-windowed FFTs with 50% overlap. The diel timing of sound production was determined from a subset of files randomly selected from fixed location recorders where each sound was commonly found. Based on the results of that analysis and a previous study (Wall et al. 2012) , all files recorded between 16:00 h and 22:00 h (local time, corrected for daylight saving time) were reviewed to determine the spatial and seasonal distribution of sound occurrence. All acoustic files recorded during the glider missions were analyzed visually and audibly. Files in which sounds of interest were identified were binned into 1 h intervals over the glider track.
All sounds identified in the acoustic files were binned by hour and month and normalized by the total number of files analyzed per hour and per month ('call per unit effort') to show diel and seasonal patterns without a sampling bias. For the fixed recorders, only sites where at least one sound was detected were included in the normalization. To better understand how hourly calling patterns changed throughout the year, a matrix of the number of calls detected per hour for each month was created for the stationary data and the glider data. Separating these 2 datasets for this analysis shows where gaps in data collection exist and helps to better understand relative increases and decreases in calling. Call characteristics (peak frequency, fundamental frequency, amplitude, and duration) and timing were correlated to time series of environmental data (SST, chl a and lunar phase). These analyses were completed using MATLAB. Spatial maps of the data were created using ArcGIS (ESRI).
Visual analysis of the stationary recorder dataset indicated that the peak frequency and amplitude of the 6 kHz Sound and the fundamental frequency and duration of the 365 Hz Harmonic changed over time. To quantify these changes, the peak frequency of the 6 kHz Sound was estimated from FFTs with 100 Hz resolution applied to files in which the sound was present without interfering noise (e.g. boat or mechanical noise), which had been noted during the visual analysis of all acoustic files. The frequency between 3−7 kHz with the highest amplitude was extracted from each file, along with the associated amplitude. To reduce error from noise in the frequency and amplitude data, outliers (3 standard deviations away from the mean) were removed, a non-linear interpolation was applied and the data were then smoothed using a 20-point moving average. Only stationary sites that recorded sound for over 6 mo were included to ensure seasonal variation was incorporated. Long-term sound production is displayed as a composite spectrogram in which 100 Hz resolution FFTs are applied to each file and then placed together chronologically to create an image comprising the duration of each DSG's recording period. The duration and fundamental frequency of 365 Hz Harmonic calls, with signal to noise ratios of at least 6 dB, were measured in the frequency domain. These analyses were completed using MATLAB.
RESULTS
Data collection
The acoustic library collected from stationary re corders deployed at various periods between 2008 and 2010 consisted of 377 728 files. In addition, 25 760 files were recorded throughout the 15 glider missions conducted between April 2009 and April 2011. Fig. 1 illustrates the location of recovered and unrecovered stationary re corders and tracks for the glider missions. The recording duration of each re corder is given in Table 1 . Acoustic data were collected by the stationary recorders during all months and all hours. All de ployed gliders were successfully retrieved; however, acoustic recordings stopped be fore recovery due to filled storage space on the SD card for some of the longer missions (Table 2) . Gliders recorded acoustic files during all hours but not in the months of May, August, November and December.
Data analysis
Toadfish. A spectrogram of an Opsanus pardus boat whistle is illustrated in Fig. 2a . Both O. pardus and O. beta were recorded with O. beta only present near shore (<10 m) (Wall et al. 2012) , however the analysis does not differentiate between the calls and therefore the general term 'toadfish' is used to indicate both species. The hourly and monthly distribution of toadfish sound production (Fig. 3) . Average call duration is 4.5 s (1.5 s SD, n = 27) and harmonics are present up to approximately 650 Hz. Pulse trains typically consist of 5 pulses, however, 4 pulses were observed in some recordings. This sound was ob served largely at night (94% occurrence between 18:00 h and 05:00 h) and in early spring (March− April), with a secondary peak in October (Fig. 4a−d) . 100 Hz Pulsing sound production was widespread throughout the study area, with calling recorded in depths ranging from 5 to 193 m (Fig. 4e ). Higher numbers of glider acoustic files containing this sound were observed in the northern part of the study area. The cyclical calling peak calculated from FFTs appears at 17 d cycle −1 for 100 Hz Pulsing, and thus does not correspond to any lunar phase.
Steamboat Lumps
6 kHz Sound. A spectrogram of the 6 kHz Sound is illustrated in Fig. 5a . This sound was observed exclusively at night (100% occurrence between 18:00 h and 06:00 h) with less than 2% of the observations occurring in the winter (December to February; Fig. 5b−e) . The majo rity of 6 kHz Sound was observed between 15 and 50 m bottom depths (94% of No acoustic data (ND) were collected by gliders in May, August, November or December. (Fig. 2 legend continues below) observations; Fig. 5f ). The glider track within this range in which no 6 kHz Sound was detected was deployed in the winter (Mission 52: 31 Jan−12 Feb 2011). The cyclical calling peak calculated from FFTs appears at 23 d cycle −1 for 6 kHz Sound, and thus does not correspond to any lunar phase.
The frequency and amplitude associated with the 6 kHz Sound were significantly correlated to SST and chl a values (Table 3) . Only 10 stationary sites recorded sound for over 6 mo (B5, B6, B7, B9, B17, B33, B42, B52, B61, and B62). SST was positively correlated to frequency and amplitude while chl a was mostly negatively correlated. Seasonally, as SST decreased, the frequency of the 6 kHz Sound also decreased (Fig. 6) . The increase in amplitude from 130 to 134 dB with decreasing temperature in Novem ber is likely associated with increased broadband background noise and not a direct result of changes in 6 kHz Sound amplitude. 300 Hz FM Harmonic. A spectrogram of the 300 Hz FM Harmonic is illustrated in Fig. 7a . This sound appeared largely at night (89% occurrence between 18:00 h and 06:00 h), with a secondary peak at midday (12:00 h−13:00 h; Fig. 7b ). Annual peaks were observed in February, April and October with an abrupt decrease in March (Fig. 7c) . The stationary data identified peaks in calling in June and July; however, peaks in February, April and October were identified from the glider data (Fig. 7d,e) . This discrepancy is attributed to the diel range in which glider data were analyzed compared to the subset of evening hours in which the stationary recorder data were analyzed, and is supported by the daytime calling observed only in February and April. The 300 Hz FM Harmonic appears almost exclusively offshore, in the 40 to 200 m depth range (91% of observations; Fig. 7f ). The cyclical calling peak calculated from FFTs appears at 20 d cycle −1 for 300 Hz FM Harmonic, and thus does not correspond to any lunar phase.
365 Hz Harmonic. A spectrogram of the 365 Hz Harmonic is illustrated in Fig. 8a . This sound was observed almost exclusively at night (98% occurrence between 19:00 h and 06:00 h) and calling was largely consistent throughout the year with a small peak in the summer (June−September; Fig. 8b−e) . The majority of the 365 Hz Harmonic sound was detected inshore (92% of observations occurred in waters less than 40 m deep; Fig. 8f ). The cyclical calling peak calculated from FFTs appears at 19 d cycle SST and chl a data were compared to the duration and fundamental frequency of the 156 examples of 365 Hz Harmonic calls selected for high signal to noise ratios (at least 6 dB) from 3 stationary recorders (Fig. 9) . Call duration decreased and fundamental frequency increased with increasing SST, while call duration increased and fundamental frequency decreased with increasing chl a. The regression slopes are shown for each recorder, and from all recorders combined (thick black line in Fig. 9 ). The fit of the regression (R 2 ) and the slope were calculated using data from all 3 recorders. The R 2 values for call duration and fundamental frequency in relation to SST are 0.65 and 0.16, respectively, and the chl a are 0.21 and 0.20, respectively. An F-test determined that the regression was significantly different from 0 for all parameters: fundamental frequency (F 2,153 = 8.89, p < 0.01) and duration (F 2,153 = 31.28, p < 0.001) in relation to SST; fundamental frequency (F 2,153 = 8.87, p < 0.01) and duration (F 2,153 = 43.78, p < 0.001) in relation to chl a. 
DISCUSSION
We used passive acoustic technology to determine the diel and seasonal calling patterns of 5 sounds that are suspected to be produced by fishes, in addition to outlining the spatial distribution of each acoustic signal. The sounds originated from toadfish and 4 unknown (100 Hz Pulsing, 6 kHz Sound, 300 Hz FM Harmonic, and 365 Hz Harmonic) fish-related sources. The results of this research provide in sight into the habitat ranges and potential spawning patterns of several fish species in addition to determining the influence of environmental data on sound pro- duction (detailed in the following para graphs). Some changes in call characteristics were noted as the seasons changed, name ly as temperature decreased in the winter. Since all data were visually analyzed, sounds were more likely to be identified correctly throughout the seasons as a human eye can account for slight variances in frequency or duration whereas a computer program may not. The boatwhistle of the male toadfish is a courtship call to attract mates (Gray & Winn 1961 , Breder 1968 , Fine 1978 , Hoñman & Robertson 1983 , Barimo et al. 2007 ). Toadfish boatwhistles were recorded throughout all hours of the day with the majority of calls observed between 15:00 h and 04:00 h. This is consistent with Gulf toadfish Opsanus beta calling patterns (Breder 1968) . Sound production was predominately observed from late spring to early summer (April− July); this coincides with the spawning season of oyster toadfish, O. tau, which are found off the east coast of Florida (May to July in 17.5−27°C, with maximum reproductive activity throughout June and early July) (Gray & Winn 1961 , Fine 1978 . In Biscayne Bay, FL, gonadosomatic index (GSI) data indicate that O. beta spawning peaks from February to April (Malca et al. 2009 ). Increased water temperatures associated with the more southern latitude of Biscayne Bay is likely responsible for the earlier spawning season of O. beta (Gray & Winn 1961 Table 3 . 6 kHz Sound frequency and amplitude correlation to environmental data. Station sites, number of files examined (n), and mean and SD of each site's frequency and amplitude are given. Pairwise linear correlation coefficients of frequency and amplitude values to associated sea surface temperature (SST) and chl a were calculated for each site. Coefficients that were significantly correlated are in bold (p < 0.05). Only stationary recorders that collected data for over 6 mo are shown Fig. 6 . Time series of the 6 kHz Sound and sea surface temperature (SST) for one stationary recorder. (a) Composite spectrogram, (b) associated SST and (c) frequency and amplitude of the 6 kHz Sound derived from the composite spectrogram. Increases in amplitude between 5 and 6 kHz represent the 6 kHz Sound. Black arrow indicates a decrease in frequency and an increase in amplitude of the 6 kHz Sound and concurrent drop in SST. Grey arrow indicates the last day the 6 kHz Sound was detected (1 January 2010). Dates given as mm/dd/yy peak in toadfish sound production presented here provides further evidence that Opsanus sp. spawn once per year in stead of twice as reported in Breder (1941) . Boatwhistle sounds detected in shore (<10 m depth) may be produced by the inshore Gulf toadfish, Opsanus beta, found in shallow waters on the east coast of southern Florida and the Gulf of Mexico (Thorson & Fine 2002) . Conversely, those detected offshore (>10 m) are likely from the offshore leopard toadfish, O. pardus, whose call characteristics were first descri b ed in Wall et al. (2012) . Further ana ly sis is needed to discern the exact tran sition of habitat range between Gulf toadfish to leopard toadfish with increasing depth. The characteristics of the 100 Hz Pulsing are similar to the pattern of striped cusk-eel Ophidion marginatum sound production (Mann et al. 1997) . It occured largely at night and in the same frequency range (100− 600 Hz) as calls of O. rochei, which contain most of their energy below 500 Hz (Parmentier et al. 2010 ), but lower than O. marginatum whose calls have a peak frequency of 1200 Hz (Mann et al. 1997) . The similarity in waveforms and frequency range, Cusk-eel sound production is associated with courtship and spawning, and may be important for communication since spawning occurs at night (Mann et al. 1997 , Sprague et al. 2001 , Mann & Grothues 2009 . Annual peaks in 100 Hz Pulsing sound production indicate that, if the sound is produced by cusk-eels, reproductive activity is potentially highest in the spring and fall. This is consistent with overall spawning periods (March to July or August and October to late November) identified in 4 cusk-eel species found off Texas (Retzer 1991) . Retzer (1991) noted wider depth ranges and longer spawning periods for the strictly nocturnal Lepophidium species compared to the nocturnal and diurnal Ophidion species. The wide depth distribution and largely nocturnal calling of the 100 Hz Pulsing suggest L. jeannae is a likely source. The infrequent daytime calling observed suggests Ophidion species may also contribute to the overall sound production. Wall et al. (2012) identified potential candidates for 3 of the unknown sounds. The 6 kHz Sound source was suspected to be related to gas release from clupeid schools (Nøttestad 1998 , Wahlberg & Wester berg 2003 , Wilson et al. 2004 , Doksaeter et al. 2009 , Knudsen et al. 2009 ), the 300 Hz FM Harmonic is potentially 185 Fig. 9 . Sea surface temperature (SST) and chl a associated with the 365 Hz Harmonic sound call parameters. SST and (a) call duration and (b) fundamental frequency, and chl a and (c) call duration and (d) fundamental frequency were calculated from 3 stationary recorders: B33, B52 and B61 (n = 71, 65, and 20, respectively) . Regression coefficients and R 2 values are shown for the slope calculated from all data points (thick black line; n =156) produced by Atlantic midshipman Porich thys plectrodon (which is similar to P. notatus re cor ded by Brantley & Bass 1994) , and the 365 Hz Harmonic (which is similar to Prionotus carolinus re corded by Connaughton 2004 ) is possibly from a sea robin species, such as blackwing searobin P. rubio.
If the 6 kHz Sound does result from clupeid gas release, round sardine Sardinella aurita, scaled sardine Harengula jaguana, and Atlantic thread herring Opisthonema oglinum are common species present on the inner WFS, with Atlantic thread herring most common offshore (Pierce & Mahmoudi 2001 , SEA -MAP 2012 . Buoyancy in physostome fishes (such as clupeids) is controlled by adjusting swim bladder pressure through the exchange of gas in the blood and the capture and release of gas through the pneumatic duct (known as the 'gasspuckerreflex') (Fänge 1976) .
As fishes are ectothermic organisms, ambient temperature alters the rate swim bladder-associated muscles are innervated in some species, with decreasing temperature decreasing the rate of neuron synapsis, and thus frequency of muscle contractions (Fine 1978 , Connaughton et al. 1997 , 2000 , McKibben & Bass 1998 ). This supports the positive correlation between the presence, peak frequency and amplitude of the 6 kHz Sound to SST. The approximately 2 kHz range over which the peak frequency of this sound was observed suggests that a change in nomenclature is imperative and that temperature directly affects the mechanism of sound production. Therefore, changes in the contraction rates of buoyancy-regulating muscles and size of the sphincter may play a role in altering the frequency and/or amplitude of the 6 kHz Sound. It should be noted that clupeid gas release is just one plausible hypothesis and further research is needed to determine the source of this sound with any certainty.
The acoustic distribution of the 300 Hz FM Harmonic was noted mainly offshore (> 40 m depth) with the greatest abundance in the northwest corner of the study area. This spatial range is consistent with Atlantic midshipman collected off west-central Flo ri da from 2008 to 2010 (SEAMAP; seamap. gsmfc. org/). Plainfin midshipman Porichthys notatus produce several sounds directly and indirectly associated with courtship and spawning (Brantley & Bass 1994 , Bass et al. 1999 , Sisneros 2009 . One sound -a growl -is a multiharmonic, long duration (>1 s) sound with gradual changes in fundamental frequency (Sisneros 2009 ). This call most closely describes the 300 Hz FM Harmonic. The plainfin midshipman breeding season occurs from late spring to summer (April to August), which supports the seasonal peaks in 300 Hz FM Harmonic sound production in February, April, June and July.
The 365 Hz Harmonic sound was present mainly inshore (< 40 m depth) and in the northern portion of the study area. This spatial range is consistent with blackwing searobin, barred searobin Prionotus martis and bighead searobin P. tribulus collected off west-central Florida from 2008 to 2010 (SEAMAP; seamap. gsmfc. org/). Connaughton (2004) described the sound production mechanism of northern searobin P. carolinus as alternating contractions of paired sonic muscles. The fundamental frequency of northern searobin (200−280 Hz) is comparable to that of the 365 Hz Harmonic (mean ± SD fundamental frequency: 223 ± 36 Hz) and both species show an increase in fundamental frequency with increasing temperature (Connaughton 2004) . Variability between SST and call duration, especially among the different sites, is likely due to the temperature measurement reflecting only the ocean surface and not the bottom (ambient) temperature. The effect of temperature on call characteristics has also been observed in weakfish Cynosion regalis (Connaugh ton et al. 1997) , oyster toadfish (Fine 1978 , Connaughton et al. 2000 and plainfin midshipman (McKibben & Bass 1998) . In both species, fundamental frequency increases with increasing temperature. Similar to the 365 Hz Harmonic, weakfish pulse duration is inversely proportional to temperature (Connaughton et al. 1997) .
Peak spawning for northern searobin and striped searobin Prionotus evolans, in the mid-Atlantic Ocean extends from May to July (Richards et al. 1979) or May to September in offshore waters (McBride 2002 . Leopard searobin P. scitulus, bluespotted searobin P. roseus, and barred searobin spawn on the WFS during spring and late summer (Ross 1980 (Ross , 1983 . These spawning periods are consistent with the 365 Hz Harmonic summer peak in sound production (June− September) observed in the stationary recorder files. In addition, bighead sea robin spawn on the inner (< 42 m) WFS from fall to early spring (Ross 1983) , which could account for the secondary peaks in 365 Hz Harmonic sound production in March and late fall (November and December).
Atlantic midshipman and blackwing searobin are just a few sound-producing species present on the WFS. A preliminary analysis of families of soniferous fishes in the Gulf of Mexico using published literature (Fish & Mowbray 1970 , Hoese & Moore 1998 and unpublished sound recordings identified nearly 90 genera that are likely to make sound based on anatomy (C. Wall unpubl. data). This leaves the list of potential sources of sound described in the present study rather vast. SEAMAP (seamap. gsmfc. org/) data show Jackknife fish Equetus lanceolatus, cubbyu Equetus umbrosus, and bluespotted searobin are all common on the WFS, with bluespotted searobin extending furthest offshore (~100 m depth). It was determined that these species are possibly soniferous via a dissection that showed both Equetus species have extrinsic sonic muscles and bluespotted searobin have intrinsic sonic muscles.
Passive acoustic monitoring systems record acoustic data over large spatial and temporal scales. Since sound is associated with reproduction in many species, an important application of PAM is to determine when and where reproductive activities occur for fishes (Mann & Lobel 1995 , Lobel 2002 , Gannon 2008 , Van Parijs et al. 2009 , Lobel et al. 2010 . The employment of stationary and autonomous PAMs resulted in acoustic data for not only the original target species (red grouper and cetaceans) but incidental low-frequency sounds as well, which provided valuable information about the broader acoustic scene. From these data, a greater understanding of the spatial and temporal patterns of sound associated with 5 fish-related sources (toadfish, 100 Hz Pulsing, 6 kHz Sound, 300 Hz FM Harmonic, and 365 Hz Harmonic) was developed. These data can then be useful for more directed studies to verify the sound producers. Five additional unknown, suspected fish sounds were observed in the acoustic files but are not presented here (e.g. 'grunts' and 'pulses'). Further research in identifying the source of all unknown sounds is essential to advancing the field of fish bioacoustics and communication. 
